This study used a rapid serial visual presentation task to examine the impact of target relatedness on report accuracy. In this task participants were shown a series of briefly presented words and were required to identify the three colored target words from the stream of distractor words. In two experiments participants either recalled the three targets words from memory at the end of each trial or recognized the targets from a list of all possible targets. The first target shown on each trial was unrelated to the second or third target. The second and third targets within each stream were semantically related (e.g., dog and cat) on half the trials and unrelated on the other half the trials (e.g., table and cat). The effect of the second and third targets sharing a relationship was examined for Target 3 accuracy. Target 3 accuracy was greater if it was preceded by a related Target 2, compared to when Targets 2 and 3 were unrelated. This shows a semantic priming effect (facilitation effect) for Target 3 accuracy, when the both Target 2 and 3 were identified. In contrast, when Target 2 was missed or incorrectly reported there was no difference in accuracy for related or unrelated target contexts (no priming or facilitation effect for Target 3). These semantic priming effects were evident in the recall and recognition tasks in Experiment 1 and 2. This study shows that a target presented during a rapid serial visual presentation task must be consciously processed to facilitate the report of a subsequently presented target word.
and recognition tasks (Maki, Couture, Frigen, & Lien, 1997) . The current study used a three-target RSVP task to examine if target repetition during the response stage influences Target 3 accuracy in this paradigm. A further aim of the study was to examine the impact of a related context between Target 2 and 3 on report Target 3 accuracy.
Priming refers to the observation that people respond faster to a target word (e.g., cat) when it is preceded by a related prime (e.g., dog) than when it is preceded by an unrelated prime word (e.g., table) (Meyer & Schvaneveldt, 1971; Schvaneveldt & Meyer, 1973; Meyer, Schvaneveldt, & Ruddy, 1975; Neely, 1991) . Most research examining priming effects during the attentional blink has manipulated the context between two target words within the RSVP stream. For example, in an RSVP task, priming is typically assessed by comparing T2 accuracy in the condition where it follows a related T1 compared to when it follows an unrelated T1. Numerous studies have shown that a related target context reduces the magnitude of the attentional blink (i.e., assists with the report of T2) and is therefore indicative of a priming effect in RSVP tasks (Juola, Duvuru, & Peterson, 2000; Murphy & Hunt, 2013; Nyawata & Murphy, 2013; Shapiro, Driver et al., 1997) . Research has also shown that priming can occur even when a target has not been consciously identified during the attentional blink period (SOA between T1 and T2 is 200 to 300 msec) (Luck, Vogel, & Shapiro, 1996; Martens, Wolters, & van Raamsdonk, 2002; Rolke, Heil, Streb, & Henninghausen, 2001; Shapiro, Driver et al., 1997; Vogel et al., 1998) . Thus priming has been found to occur when one target consciously or unconsciously primes the presentation of a second target. Shapiro, Driver et al. (1997, Experiment 2) used a three-target RSVP task to ascertain if a missed T2 could prime a related third target (T3). For each trial, participants were required to identify the three targets shown in a RSVP stream of distractor words. T2 was presented after T1, during the time interval where the attentional blink should be maximal (at an SOA of 270 msec from T1 onset), and T3 was presented at a time period beyond the attentional blink (at an SOA of 540 msec following T1 onset). For half the trials T2 and T3 were related and on the other half the trials T2 and T3 were unrelated. T1 was not related to T2 or T3. Shapiro, Driver et al. (1997) found that priming occurred for trials in which T2 was identified or missed. That is, even when T2 was not identified, T2 primed T3 (facilitated the identification of T3) when the two words were related but not when T2 and T3 were unrelated. Thus regardless of T2 being reported or missed due to an attentional blink, a related T2-T3 context resulted in priming.
Although Shapiro, Driver et al.'s (1997) findings provide a significant contribution to understanding the mechanisms underlying the attentional blink, there are some aspects of the task that might have affected the results. For example, limited pools of distractor and target items were used in the task, with each target word being presented 24 times during the experiment and an additional 312 times during response. Consequently, it is possible that repetition priming might have impacted on the results of the study. Repetition priming refers to improvements in the speed or accuracy of word identification as a result of presenting items multiple times during an experiment (Forster & Davis, 1984) . For example, Bodner and Masson (2001) found that when the target word repetition was high during an experiment, this resulted in greater identification accuracy than when there was less repetition.
As semantic priming produces a performance advantage for related trials (Neely, 1991) , and repetition priming produces a performance advantage for repeated items (Durgunoglu, 1988; Forster & Davis, 1984; Rueckl, 1990) , it would be expected that repeated word presentation should result in larger semantic priming effects. However, studies have demonstrated that the repeated presentation of primes actually eliminates semantic priming effects in lexical decision tasks (Neely et al., 1998; Pitzer & Dagenbach, 2001) . A study investigating prime repetition and semantic priming presented participants with a series of letter strings that consisted of two prime words, followed by the presentation of a target word (Pitzer & Dagenbach, 2001) . The prime and target context was also varied. The two primes were repeated and related to the target, or repeated and unrelated to the target, or different and only one prime was related to the target. Results revealed that when prime words were repeated, there was no difference between the response times in the related and unrelated word conditions. That is, prime repetition eliminated the semantic priming effects.
Another factor that might have impacted in the results of Shapiro, Driver et al. (1997) is the semantic satiation effect. Studies have reported the subjective loss of meaning of a word (semantic satiation) through prolonged exposure to and repetition of a word (e.g., Smith, 1984; Smith & Klein, 1990; Wertheimer & Gillis, 1958) . For example, Smith (1984) used a category membership task and required participants pronounced the category name (e.g., fruit) 3 or 30 times as it appeared on the computer screen. After the final repetition, a target word (that was either related or unrelated to the category name e.g., apple or hawk) appeared on the screen. Participants had to decide if the target word was a member of the pronounced category. When the target was a www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 7, No. 3; 2015 member of the repeated category, response times increased with the number of repetitions suggesting that word repetition decreases the availability of semantic information about that word.
Therefore, word repetition during an experiment can result in the reduction or elimination of semantic priming effects via either repetition priming or semantic satiation effects. This has implications for the results obtained by Shapiro, Driver et al. (1997) , as they repeatedly presented targets within the RSVP task and also during the response stage of the task. Consequently, this target repetition may have reduced the magnitude of the priming effects observed in their study. To date it appears that the issue of target repetition during the response stage of a RSVP task has not been investigated in relation to semantic priming effects. The current study examined this issue by assessing semantic priming effects in a three-target RSVP task with recall and recognition response tasks.
Experiment 1
Using a three-target RSVP task Shapiro, Driver et al. (1997) found semantic priming from T2 to T3, regardless of whether T2 was reported correctly or missed (blinked). However, as mentioned previously it is possible that the extensive target repetition during their RSVP task might have reduced the magnitude of the semantic priming effects observed in their study. As the majority of word repetition occurred during the response stage of the Shapiro, Driver et al. (1997) study, the current study focused on this aspect of the task design.The impact of repeated target presentation during the response stage was investigated by using recall and recognition response modalities in a three-target RSVP task. In the recognition task, participants were provided with a printed list of all possible target words at the end of each trial and asked to identify all three targets in order of presentation. In the recall condition, there was no target repetition during response, as participants were required to write down each of the target words in order of presentation. Therefore by comparing the magnitude of the priming effects for T3 accuracy for the recall and recognition tasks this study examined if the increased repetition effects in the recognition task (i.e., repetition during response) had an impact on performance when compared to the recall task (i.e., no repetition during response).
Based on Shapiro, Driver et al. (1997) , it was predicted that priming would occur for both recall and recognition tasks regardless of whether T2 was correctly or incorrectly reported. Moreover, if semantic priming was affected by target repetition, then in the current study the magnitude of the priming effects should be greater for T3 accuracy in the recall than the recognition task. That is, the reduced target repetition at the response phase in the recall compared to the recognition task should facilitate greater semantic priming in that task.
Method

Participants
Participants were 26 first-year psychology students (19 females), aged between 17 and 48 years (M = 26.8 years, SD = 9.26), who voluntarily completed this study in return for course credit. All participants were native English speakers, with normal or corrected to normal visual acuity and normal colour vision (Ishihara, 1994) .
Stimuli
Target and distractor words were taken from Shapiro, Driver et al. (1997) . A total of 26 word triplets served as the set of three target words (T1, T2 and T3). The target words ranged from three to six letters in length. Two T2-T3 context conditions were created, such that these two targets were either related or unrelated. The 13 T2-T3 word pairs in the related condition were related by semantic category membership and word association (e.g., day and night). The unrelated word pairs were created by reassigning the word pairs to produce a list where T2 and T3 were neither semantically nor associatively related (e.g., doctor and night). For each trial T1 was randomly selected from the set of 13 T1 words. T1 was neither semantically nor associatively related to T2 or T3
Trial Structure
Each trial commenced with a centrally located fixation cross (black font) for 180ms, followed by a stream of 15-23 words, shown on a mid-grey background on the computer screen. For each trial, words were presented successively in the centre of the screen for 70 msec each, with a 20 msec blank interval between each word. Although these word display presentation times differed to those used by Shapiro, Driver et al. (1997) , lab pilot studies using these display times produced task accuracy comparable to this previous study and were therefore used in this experiment. All uppercase words appeared on the screen in a black font except for T1, T2, and T3, which appeared in white, red and yellow font respectively. This allowed the targets to be differentiated from the distractor words. The 270ms SOA between T1 and T2 placed T2 in the depth of the attentional blink, while the interval between T1 and T3 placed T3 in a position beyond the attentional blink (SOA of 540ms). To minimise primacy and recency effects in short-term memory, the first 7 to 15 words in each trial were distractors and the www.ccsenet.org/ijps
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Apparatus
The experiment was run on a Dell 2.66 GHz Pentium 4 PC with a Dell Ultraflat colour monitor and the trials were presented using the DMDX display system (Forster & Forster, 2003) . Participants completed the experiment in a small room with low illumination and were seated 42 cm away from the screen. At this viewing distance, each word subtended approximately 0.55° of visual angle high, with three, four, five and six letter words subtending 1.09°, 1.64°, 2.18° and 2.73° of visual angle wide respectively.
Procedure
The experiment had ethical clearance from the University Human Ethics committee and participants provided written informed consent prior to commencing the task. Prior to the RSVP task participants were presented with written onscreen instructions and they were also verbally explained the task instructions. Participants were randomly allocated to the recall task group or the recognition task group. Both groups completed the same RSVP task with the only variation being the type of response made by participants. Details of response requirements for the recall and recognition task are provided below.
Participants took approximately 60 minutes to complete the task. During the 40 practice trials, participants were asked to report each type of target alone for 10 trials and then to report all three target words together for an additional 10 trials. The practice trials consisted of an equal number of related and unrelated T2-T3 pairs. Each participant completed 208 experimental trials which were presented in four blocks of 52 trials. A rest break was scheduled between each block to minimize fatigue effects. The 208 trials were presented in a random order for each participant and progression between trials was initiated by the participant pressing the space bar when they were ready. For 104 of the trials T2-T3 were related and for 104 trials T2-T3 were not related. Each of the 13 related T2 and T3 word pairs were presented eight times to create 104 related trials, and each of the T3 words was combined with eight different unrelated T2 words to produce 104 unrelated trials. At the end of each trial, participants were prompted to write down the target words in order (recall group) or number target words in order of presentation (recognition group).
The participants in the recall group were asked to record the target words in order of presentation on the notepad provided. Each trial used a new page of the notepad for their response and the page numbers corresponding to the trial numbers were displayed on the bottom of each page. Participants in the recognition group were provided with a printed list of all the T1, T2, and T3 words that were used in the experiment. Words were listed in alphabetical order and participants were asked to pick out and number to target words in order or presentation (e.g., place the numbers 1, 2, and 3 next to the targets presented on each trial). A new list of all possible target words was used for each trial and the corresponding trial number was noted on each list.
Results and Discussion
To ensure there was no difference in T1 accuracy between the related and unrelated target (T2-T3) contexts for both the recall and recognition groups a 2 (response group: recall vs. recognition) x 2 (T2-T3 context: related or unrelated) mixed factorial ANOVA was used. Relevant descriptive statistics are presented in Table 1 . T1 accuracy did not differ between the two groups, F(1, 24) = 0.05, p = .83, η p 2 = .002, or the T2-T3 target contexts, F(1, 24) = 1.55, p = .23, η p 2 = .05. The interaction between task and target context was not significant, F(1, 24) = 0.01, p = .98, η p 2 = .001. Therefore, T1 accuracy was unaffected by a related target context. correct or incorrect) mixed factorial ANOVA was used to analyse the T3 accuracy data from all trials where T1 was correct.
There was no evidence of response group affecting T3 performance, as the main effect of group, F(1, 24) = 1.08, p = .31, η p 2 = .04, the group by target context interaction, F(1, 24) = 3.31, p = .08, η p 2 = .12, the group by T2 performance interaction, F(1, 24) = 0.01, p = .97, η p 2 = .00, and the group by T2 performance by target context interaction were all non-significant, F(1, 24) = 0.41, p = .53, η p 2 = .02. Therefore, contrary to expectation there was no difference between the recall and recognition groups in the size of the semantic priming effect for T3 accuracy.
There was a significant main effect of target context, F(1, 24) = 24.88, p < .001, η p 2 = .51, and of T2 performance, F(1, 24) = 125.94, p < .001, η p 2 = .81. The interaction between T2 performance and target context was significant, F(1, 24) = 25.22, p < .001, η p 2 = .51. Simple effects analyses examined the priming effect (related vs. unrelated difference) within each of the T2 performance conditions. There was a significant priming effect when T2 was correct, F(1, 24) = 29.76, p < .001, η p 2 = .55 (Related M = 67.50%, SE = 4.20, Unrelated M = 58.84%, SE = 4.85) but not when T2 was incorrect, F(1, 24) = 2.60, p = .120, η p 2 = .10 (Related M = 6.94%, SE = 0.77, Unrelated M = 8.12%, SE = 1.08). From Table 2 it is evident that T3 accuracy was higher for T2-T3 related pairs than for unrelated T2-T3 pairs when T2 was correct and this priming effect was evident in both the recall and recognition tasks. The priming effect in both the recall and recognition tasks when T2 was correctly identified is consistent with previous two-target attentional blink studies where T2 accuracy is higher if it is preceded by a related target Murphy & Hunt, 2013; Nyawata & Murphy 2013) . Contrary to Shapiro, Driver et al. (1997) , this experiment did not find semantic priming when T2 was missed. This failure to replicate the results of this previous study will be further investigated in Experiment 2.
Experiment 2
The results of Experiment 1 suggest that the priming observed by Shapiro, Driver et al. (1997) was not affected by target repetition at the response production stage as the magnitude of the priming effects for the recall and recognition tasks was not significantly different. In contrast to Shapiro, Driver, et al. (1997) , Experiment 1 did not show priming when T2 was not identified (i.e., when T2 underwent an attentional blink). Experiment 1 presented each word for 70 msec followed by a 20 msec blank interval, which differs from the display times used by Shapiro, Driver et al. (1997) (15 msec word display time and 75 msec blank interval). Although the display times used here were based on a pilot study that produced task accuracy similar to these researchers, it is possible that the stimulus display differences might have affected the priming effects in the RSVP task. Therefore, Experiment 2 used the same display times as Shapiro, Driver et al. (1997) to examine priming effects in a three-target RSVP task for recall and recognition response modalities. This would determine if the lack of T3 priming effect differences for the recall and recognition groups and only finding priming when T2 was reported were linked to the stimulus display durations. If the priming effects were affected by target repetition then there should be greater priming for the recall than recognition group in the current experiment. Additionally, if the longer stimulus times reduced the T3 priming effect when T2 was missed (blinked) then T3 priming should www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 7, No. 3; 2015 81 occur for missed T2 targets in this experiment.
Method
Participants
Participants were 26 first-year psychology students (19 females) aged between 17 and 50 years (M = 23.2 years, SD = 7.12). None of the participants had completed Experiment 1. Other participant characteristics were as reported in Experiment 1.
Trial Structure, Tasks and Procedure
The tasks and procedures were identical to that used in Experiment 1, except as indicated here. Each trial was composed of an RSVP stream of words where each word appeared on the screen for 15 msec, with a 75 msec blank interval between each word. These stimulus display durations were the same as those used by Shapiro, Driver et al. (1997) .
Results and Discussion
The same analysis was used for T1 and T3 accuracy as Experiment 1. T1 accuracy did not differ between the two response groups, F(1, 24) = 0.43, p = .52, η p 2 = .02, or the T2-T3 context (related vs. unrelated), F(1, 24) = 0.31, p = .58, η p 2 = .01. The interaction between group and target context was not significant, F(1, 24) = 0.44, p = .52, η p 2 = .02. Therefore, T1 accuracy was the same for related and unrelated T2-T3 contexts for the recall and recognition groups. Table 1 presents the relevant descriptive statistics for the T1 data for Experiment 2.
For T3 accuracy on trials where T1 was correct, there was no evidence of response modality affecting T3 accuracy as the main effect of response group, F(1, 24) = 0.34, p = .55, η p 2 = .02, the group by T2 performance interaction, F(1, 24) = 0.71, p = .41, η p 2 = .03, the group by T2-T3 context interaction F(1, 24) = 0.00, p = .98, η p 2 = .00 and the group by T2 performance by T2-T3 context interaction were all non-significant, F(1, 24) = 0.03, p = .86, η p 2 = .001. Therefore performance in both the recall and recognition groups did not differ.
There was a significant main effect of target context F(1, 24) = 16.40, p < .001, η p 2 = .41 and of T2 performance, F(1, 24) = 28.63, p < .001, η p 2 = .54. The interaction between T2 performance and target context was significant, F(1, 24) = 7.89, p = .010, η p 2 = .25. Simple effects analyses examined the priming effect within the T2 correct and incorrect conditions separately. This analysis revealed a significant T3 priming effect when T2 was correct, F(1, 24) = 12.38, p = .002, η p 2 = .34, (Related M = 44.04% , SE = 5.09; Unrelated M = 35.37%, SE = 4.82) but not when T2 was incorrect, F(1, 24) = 0.00, p = .99, η p 2 = .00, (Related M = 11.19%, SE = 1.37, Unrelated M = 11.20%, SE = 1.42) From Table 2 it is evident that for both the recall and recognition groups, T3 accuracy was higher for related than unrelated T2-T3 pairs only when T2 was correct.
This experiment revealed semantic priming for both the recall and recognition groups when T2 was correctly identified. This replicates the effect reported by Shapiro, Driver et al. (1997) and is consistent with the priming observed in two-target RSVP studies (e.g., Murphy & Hunt, 2013; Nyawata & Murphy, 2013) . However, in contrast to Shapiro, Driver et al. (1997) and this study's prediction, there was no priming when T2 was incorrect. This was the same result as for Experiment 1 which used longer word display times. While this result differs from Shapiro, Driver et al. (1997) , in their study the magnitude of the semantic priming effect was much smaller when T2 was missed compared to when T2 was reported. Moreover, the absence of priming effects in a three-target RSVP task when T2 has been missed is consistent with the outcomes of other studies (e.g., Peressotti, Pesciarelli, Mulatti, & Dell'Acqua, 2012; Rolke et al., 2001 ).
General Discussion
This study sought to replicate the priming effects reported by Shapiro, Driver, et al (1997) and determine if target repetition at the response stage impacted on the magnitude of the semantic priming effects. Both Experiment 1 and 2 showed semantic priming for T3 when it was preceded by a related T2 compared to when T2 was unrelated to T3. However, priming was evident when T2 was correctly reported but not when T2 was missed which partially replicates the outcomes of Shapiro, Driver et al. (1997) . The absence of priming for T3 when T2 was not reported is consistent with other three-target RSVP studies (e.g., Peressotti et al., 2012; Rolke et al., 2001) . Repetition of targets at the response stage did not impact on performance in either experiment as the priming effects were of equivalent size for both task groups when both T2 and T3 were reported and no priming was evident when T2 was not reported.
The results of this study suggest that when T2 was missed, any context created by T2 in the related condition was insufficient to prime T3 accuracy. This suggests that meaning is not sufficiently extracted from words that are missed or incorrectly identified during the attentional blink period, and consequently this does not prime www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 7, No. 3; 2015 report of another target word. Therefore, a target must be consciously identified during the attentional blink period to produce a priming effect. This outcome is consistent with the priming effects observed in two-target RSVP tasks when both T1 and T2 were correctly reported (e.g., Murphy & Hunt , 2013) . Future research in the two-target RSVP tasks could examine this issue by comparing the T2 accuracy for related and unrelated T1-T2 trials where T1 was not correctly reported.
The semantic priming effects for T3 were equivalent in both the recall and recognition groups indicating that target repetition at response did not affect RSVP task performance in either Experiment 1 or 2. These results were inconsistent with previous studies demonstrating a loss of meaning of repeated words (e.g., Smith, 1984; Smith & Klein, 1990; Wertheimer & Gillis, 1958) and the elimination of semantic priming effects due to extensive prime repetition (e.g., Neely et al., 1998; Pitzer & Dagenbach, 2001) . While these results indicate that priming is unaffected by target repetition at response, further research is required to examine the impact of target repetition during the actual RSVP task. In Shapiro, Driver et al.'s (1997) study the target words were repeated at the response stage and they were also presented 24 times each during the experimental trials. In this study, targets were presented 16 times each throughout the experimental trials. Therefore, it is possible that T3 priming was reduced by target repetition during the actual RSVP trials. Future research could examine this idea by compared T3 priming effects in an RSVP task where the targets are not repeated compared to a version of the task where the targets are repeated many times (e.g., 24 times as in Shapiro, Driver et al., 1997) . By using this variation along with the recall response modality the impact of target repetition on T3 priming could be ascertained. If target repetition reduces the magnitude of priming effects then a smaller T3 priming effect should be apparent in the target repeat than target non-repeat versions of the RSVP task. Chun and Potter (1995) proposed the two-stage model to account for the occurrence of the attentional blink and subsequent research (e.g., Murphy & Hunt, 2013) has revealed that this approach can also account for priming in an RSVP task. In the two-stage model (Chun & Potter, 1995) , all RSVP items are checked for target features (e.g. color) and detected targets are consolidated into stage 2 to enable item report from short-term memory. When the two targets are separated by a short time period (e.g., 200 to 500 msec), the first target uses the consolidation resources and the next target must wait for the availability of stage 2 resources. Consequently, the second target receives interference from subsequent distractors and may be overwritten before it can be consolidated in short-term memory. This results in the attentional blink (e.g., impaired second target report).
These same principles would apply for a three-target RSVP task and can account for the outcomes of this study. During stage 1 processing, short lived representations are created for all three colored targets words. However, only targets words which have been consolidated into short-term memory would be available for subsequent report. In this study T3 accuracy was based on trials in which T1 was also correctly reported. Therefore both T1 and T3 must have been consolidated into short-term memory to be reported. In this study priming occurred when T2 was correct but not when it was missed or incorrect. This suggests that consolidation of T2 facilitates the report of T3 if T2 and T3 are related as opposed to being unrelated. Perhaps this occurs by allowing easier or faster consolidation of T2 because it shares a context with T3. That is, T3 is processed before it can be overwritten by distractors. When T2 is missed or incorrectly reported there is no difference in T3 accuracy between the related and unrelated T2-T3 contexts. This suggests that priming may only occur if an earlier target is able to create a context during stage 2 processing (consolidation into short-term memory). This explanation is consistent with previous studies demonstrating priming effects using the two-target RSVP tasks (e.g., Murphy & Hunt, 2013) .
The aims of this study were to replicate the semantic priming effects reported by Shapiro, Driver et al. (1997) in a three-target RSVP task and to examine the impact of target repetition during the response stage of this task. In two experiments a robust semantic priming effect was evident for both the recall and recognition groups when both T2 and T3 were correctly reported. These results indicate that target repetition at the response stage of an RSVP task does not impact on the magnitude of semantic priming effects. The lack of semantic priming when T3 was correctly reported but T2 was missed or incorrectly reported indicates that targets must be encoded into short-term memory to facilitate the report of other items within the RSVP stream. These results suggest that the locus of the semantic priming effect within a RSVP task may be linked to this consolidation process. 
